Effects of momentum consewation on the analysisof anisotropic flow*
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We presenta generalmethodfor taking into accountcor-
relationsdue to momentumconsenration in the analysisof
anisotropicflow. Momentumconserationmostly affectsthe
first harmonicin azimuthaldistributions, i.e., directedflow.
It alsomodifieshigher harmonics for instanceelliptic flow,
whenthey aremeasuredvith respecto afirst harmonicevent
plane.

In detail,the momentunconsenrationleadsto two effects,
whose magnitudeis controlled by a parameterf which is
roughly the squareroot of the fraction of all particlesused
in the estimateof the eventplane.First, momentunconsera-
tion contributesto the correlationbetweena particleandthe
flow vector, proportionallyto the parameterf. In addition,it
affectstheresolutionof the eventplane,althoughthe effectis
smaller asit is quadraticin f. This secondeffect may also
biashigherharmonicsmeasuredvith respecto thefirst har
moniceventplane.Note, however, thatmomentunconsenra-
tion hasno effectwhenelliptic flow is measuredvith respect
to thesecondcharmoniceventplane.Thecorrelationfrom mo-
mentumconsenration vanishesif the detectoracceptancés
symmetricwith respecto midrapidity.

Thedimensionlesgjuantity f is givenby

/ M
f= (WpT)Q W, 1)

andthe subscripiQ refersto thoseM particlesusedfor the Q-
vector(for whichweightw; # 0). If wistakenas+1 for parti-
clesdetectedn theforwardhemisphereand—1 for the back-
wardhemispherethen(wpr) o = (Mg (pr) —Ms (pr)g)/M,
whereF andB referto particlesusedfor the Q-vectorfrom
the forward and backward hemispheresiespectiely, so that
M = Mg + Mg. In this Casahequantity(vvz>Q =1.
Thecorrectionto (cof@— ®)) is:

-

wherey is theresolutionparameterlt is worth notingthatthe
Eq. (2) resultdependson X, expressingthe effect of flow in

reducingthe correlationdueto momentunconseration.
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The resolutionparametenf the sube&ent, Xsup, canbe ex-
tractedfrom the correlationbetweensuberent planesby one
of severalmethods.The correctionfor momentumconsera-
tion is an additive constantof order f2. Finally, the relation
betweery, andXsup, is:

X = Xsun\/ (2= f2)/(1— 2). ®3)
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FIG. 1: NA49 resultson directedflow asa function of rapidity for
chaged pionsfrom minimum bias 158A GeV Pb+ Ph Shown are
v; before(squaresandafter(circles)correctionfor momentuncon-
senation. Solid linesarepolynomialfits. The openpointshave been
reflectedaboutmidrapidity.

As anillustration,the methodwasapplied[1] to the NA49
datain Pb+Pbcollisionsat 158 GeV pernucleon[2]. Thein-
creasen resolutiondueto momentunconsenrationis modest
for this case,beinglessthan 10%. However, Fig. 1 shows
that the correctionfor the effect of momentumconseration
onvy is indeedsignificant,roughlyanabsolutevalueof 1%in
the whole rapidity rangeunderstudy The correctedcorrela-
tion givesadirectedflow vanishingatmidrapiditywithin error
bars,asit should.In fact,if onedid notknow N and({p2 ), one
couldforcethedatato gothroughzeroatmidrapidityasaway
to evaluatethis correction.
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